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Preface 


Seed Propagation of Native California Plants was originally published 
as one of a series of leaflets by Santa Barbara Botanic Garden over twenty 
years ago (Leaflet #10, February 1964). Although long out of print, the leaf- 
let is still in demand. Over the last twenty years the interest in and use of 
native California plants has increased, as has the knowledge of their seed 
morphology and physiology. This revised and greatly expanded edition of 
Seed Propagation of Native California Plants incorporates the additional 
knowledge and experience gained by this author and other researchers in 
propagating native California plants from seed. 

The greatest advances in seed germination research have been made in 
the use of chemical treatments to break seed dormancy. Sulfuric acid is 
still the only chemical treatment used at the Santa Barbara Botanic Garden. 
However, a number of chemical treatments are included in this publica- 
tion, mainly to indicate direction and potential. 


2021 Edition 


In 2018, the inventory of the sixth printing of this work was depleted, yet 
the Garden was still receiving requests for copies. It was decided to adapt the 
manuscript to modern printing practices, and at the same time to incorpo- 
rate current plant name revisions. This could not have been accomplished 
without the efforts of longtime Garden Volunteers Jeanne Mudrick and 
Kathy Rindlaub. Jeanne manually retyped the entire manuscript into elec- 
tronic format. Kathy carefully checked that the scientific names were cor- 
rect and current. Raymond Leclerque shared insights gained from his field 
experience and Joe Rothleutner provided editorial guidance. Additionally, 
Dieter Wilken double-checked all the plant names, and Elaine Madsen 

elped to accomplish the finished layout. Gavin Spencer assisted with last- 
minute proofreading. Many thanks to all. 
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Introduction 


California has a diverse flora that is widely used in cultivation. California 
native plants were successfully introduced into European gardens over a 
hundred years ago from collections of botanical explorers visiting the west 
coast of North America. In recent years there has been a steadily increas- 
ing interest in the use of native plants in California gardens. They offer 
great landscaping possibilities, are relatively disease and pest free, and of- 
ten have low maintenance requirements. 

Currently, a diverse array of native species is available from at least some 
wholesale growers, but any one retailer is apt to stock only a few. Many 
species that are desirable for cultivation are best grown from seeds and of- 
ten these require special germination procedures. This book is, therefore, 
designed as a guide to the seed propagation of California native plants. The 
first part consists of comments on methods used in collecting and propa- 
gating such plants from seeds. It includes descriptive information on differ- 
ent pre-sowing treatments and seed germination temperatures; some seeds 
have very narrow limits of tolerance. There is also a section on general 
methods for propagating annual wildflowers from seeds. The major part 
of this publication is a list of suggested pre-sowing treatments for seeds of 
over 900 species and varieties of California native plants. 

I am taking this opportunity to acknowledge and to thank our recent 
director, Ralph Philbrick, for his help and suggestions; our editor, Mary 
Carroll, for her help and patience in the preparation of this manuscript; 
Carol Bornstein and Dennis Odion for reading the manuscript; our librar- 
lan, Nancy Hawver, who obtained most of the references used; our taxono- 
mist, Steve Junak, for checking the nomenclature; our computer operator, 
Lilla Burgess, for her typing and patience with the many changes neces- 
sary; our production editor, Laura Baldwin, for designing and producing the 

nal book; and others who made suggestions along the way. 


1. Seed Collection and Storage 


Seeds of native California species are not always easy to obtain; but seeds 
of a number of species, particularly annuals, can be purchased from seed 
companies and seed collectors. Still others are occasionally available from 
botanic gardens throughout the state. Often, however, it is necessary for 
the propagator to collect them himself. Seeds should be harvested only 
from healthy plants showing no sign or the least sign of disease or insect 
damage. All drying seeds must be protected from birds and rodents. 

Seeds that are wind dispersed or borne in fruits that, upon drying, de- 
hisce (or discharge) must be harvested when slightly green or immature; 
they can then be dried in loosely covered containers. Lupine (Lupinus) and 
poppy (Eschscholzia) are examples of plants that discharge their seeds at 
maturity and therefore must be harvested just before fully ripe. California 
lilac (Ceanothus) capsules must also be picked when slightly green and 
dried in a screen-covered container at day temperatures of 80° to 100°F. If 
dried at much lower temperatures, the capsules may not open, and then 
they must be thrashed by pounding with a heavy object in order to separate 
the seeds and chaff. It is important to note that seeds found to contain 
milky or gelatinous substances are too immature to harvest. 

Fleshy fruits such as those from nightshade (Solanum), barberry 
(Mahonia), and gooseberry (Ribes) should be crushed, and the mashed pulp 
containing the seeds should be spread in a thin layer on paper to dry. The 
seeds and pulp can then be readily separated. Another method is to add 
water to the mashed pulp and seeds, preferably in a tall container. After 
standing for a day or two, the seeds and pulp will separate. 

If seeds are to be stored for future use, thorough drying is necessary to 
prevent mold and to insure reasonable longevity. With a few exceptions, 
noted below, the harvested seeds of fruits should be placed in a warm (85°- 
100*F day temperature), dry place for several weeks. They should be pro- 
tected from dew during this period. After being cleaned, the seeds should 

€ placed in appropriately sized envelopes or bags (labeled with name and 
date) and placed in a sealed container with several crystals of a moth larvi- 
Cide for a day or two to kill any seed eating insects or their eggs. 
€ longevity of seeds of California native plants is highly variable and 


depends upon the species. Willow (Salix) and poplar (Populus) seeds are 
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2, Seed Dormancy and Treatments 


Germination is the resumption of active growth of the sced's embryo. It 
requires moisture, proper temperature, and oxygen. The time necessary 
for complete germination varies with the species. Seeds of most annual 
wildflowers germinate with no difficulty in one to two weeks. Seeds of 
many longer-lived plants take three to six weeks; however, some take up 
to several years to germinate under natural conditions. Since slow and 
sporadic germination is usually the result of some form of seed dormancy, 
treatments to break the dormancy just prior to sowing are often used. 

In general, there are two types of seed dormancy: seed coat dormancy 
and internal dormancy. Seeds with seed coat dormancy usually have a 
seed coat that is impermeable to oxygen and/or water. Occasionally the 
dormancy is caused by an inhibiting chemical in the epidermis or adja- 
cent interior membranes. Under natural conditions these seeds remain 
on or in the ground without germinating until they have weathered suf- 
ficiently to allow penetration of water, exchange of gases, or neutralization 
of inhibiting chemicals. Seeds of some species germinate only after being 
subjected to fire. The length of time involved—it can be several years 
or more—depends upon the species and the environmental conditions. 
Seed coat dormancy is common in California lilac (Ceanothus), manzanita 
(Arctostaphylos), sumac (Rhus), and many members of the legume fam- 
ily. If seeds of such plants are harvested when slightly green or immature 
and sown immediately before they dry out, germination problems may be 
reduced; however, once the seeds have dried out, the dormancy factor is 
present and must be counteracted to obtain prompt germination. Methods 
of breaking seed coat dormancy include scarification, hot water, dry heat, 
fire, charate, acid and other chemicals, mulch, water, cold and warm strati- 
fication, and light. For a detailed article on water-impermeable seeds (seed 
coat dormancy), see Rolston (1978). 

Internal dormancy is a general term encompassing a number of physi- 
ological conditions that delay germination. Not all of these conditions are 

ly understood or easy to counteract. The most common one is called 
aiter-ripening. Seeds that require an after-ripening period, even though 
Micro when mature, germinate poorly or not at all until they have 

Subjected to moisture and either high or low temperatures or both 
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Seed Dormancy and Treatments 5 


Hot Water 


For small to medium-sized seeds or large quantities of seeds, the hot wa- 
ter treatment is more practical than scarification. For this treatment seeds 
should be dropped into about six times their volume of 180°-200°F water 
(rain water is desirable if it is near neutral in pH). They should be left to 
cool and soak in the water for 12 to 24 hours, after which they are ready 
for sowing. The container used for this treatment should not be made of 
aluminum as it may be toxic to the seeds. Also softened water should not 
be used since the amount and ratio of salts may be toxic to the seeds. 

Another and more drastic hot water treatment is sometimes used for 
especially thick or hard-coated seeds. For this treatment, the seeds should 
be placed in vigorously boiling water for a specific length of time depend- 
ing on the species, then immediately removed from the boiling water and 
cooled in cold water. 

with both hot water treatments, the seeds should be sown promptly and 
not stored again. 


Dry Heat 


Oven or dry heat is not often recommended, and the temperatures re- 
quired are more suitable to an incubator than a kitchen oven. For this seed 
coat treatment the seeds should be placed in shallow containers in a pre- 
heated incubator or oven. The specific temperature and duration depend 
on the species. After the treatment, the seeds should be cooled immedi- 
ately and sown. 

Where the temperature suggested is between 1809-2.12^F, it is possible 
that the hot water treatment of the same temperature and for the same 
length of time would give comparable results. 


Charate 


_ The char from burned plant stems has been shown to be a good neutral- 
izer of germination inhibitors in the seeds of several herbaceous species 
associated with chaparral fires (Keeley & Keeley 1982). These authors re- 
port that of the fire-followers tested [snapdragon (Antirrhinum), pincush- 
lon flower (Chaenactis), whispering bells (Emmenanthe), golden yarrow 
\Eriophyllum), and Phacelia species, all had greatly enhanced germination 
with the addition of a small amount of chamise (Adenostoma fascicula- 
tum) charate to the sown seeds. 
Charate can be prepared by burning chamise stems of %-inch or less in 
Meter with a propane torch until they are blackened through and then 
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Acid 


Acid treatments are often used to break down especially thick imperme. 
able seed coats. Since seeds placed in concentrated sulfuric aciq (H,SO J 
will become charcoal in time, the temperature of the acid and the length 
of time the seeds are soaked are very important. The acid should be used 
at room temperature for a period of a few minutes to several hours depend- 
ing on the species. The seeds should be immersed in acid in a glass, china, 
or earthenware container, and should be stirred occasionally with a glass 
rod; however, too much stirring will cause the acid to heat undesirably. 
The seeds must be removed from the acid just before any acid penetrates 
the seed coats. When the allotted time is finished, the seeds should be 
removed promptly and washed thoroughly in several changes of water to 
neutralize completely all remaining acid. For some species the duration 
of the acid bath depends on the specific batch of seeds and can only be de- 
termined empirically. After treatment and a thorough washing, the seeds 
may be sown or dried and stored for several months. 

Since sulfuric acid is caustic and dangerous to handle, its use is rec- 
ommended only for those familiar with the use of caustic chemicals. In 
lieu of the acid treatment for seeds with thick coats, such as manzanita 
(Arctostaphylos), the fire or mulch treatments can be used. With thinner- 
coated seeds, hot water or scarification is satisfactory. 


Other Chemicals 


About 50 years ago researchers in various agencies and private industry 
began experimenting with chemicals to neutralize dormancy conditions 
present in seeds. Results have shown that inhibiting chemicals can be 
present in one or more parts of the seed; other dormancy-causing factors 
(i.e., immature embryos or impermeable seed coats) may also be present in 
a given seed. f 

Three chemicals that have proven very helpful in breaking certain types 
of dormancy are gibberellic acid (GA,), potassium nitrate, and thiourea. 
The aqueous solutions of these chemicals should be used at room tempera- 
ture. The concentration and length of treatment depends on the species to 
be treated. Seeds soaked in GA, or thiourea should be stirred occasionally 
and not rinsed afterwards, unless specified, but sown immediately. After 
this soaking they can also be air-dried and stored for short periods and then 
Sown or given a subsequent treatment. The no-rinse-afterwards also ap- 
Plies to the use of potassium nitrate and hydrogen peroxide, other chemi- 
cals occasionally recommended as aids to germination. 
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length of the treatment. This will require periodic checking and the ad- 
dition of water if necessary. Another reason for periodically checking the 
stratifying seeds is to see if they have started to germinate, If, for example, 
a California-lilac (Ceanothus) species has a three-month cold stratification 
recommendation, it should be visually checked for germination a couple 
of weeks prior to the end of the third month. If any white root tips are vis- 
ible, the whole batch should be sown immediately. The longer the radicals 
are when the seeds are sown, the greater the probability of damage and the 
greater the mortality rate is apt to be. If the stratification period is inad- 
vertently lengthened, it is usually not detrimental, providing the radicals 
are still very short or not yet showing. 

In contrast, to cut the stratification period short by even a few days could 
be harmful if no radicals are visible. By prematurely discontinuing stratifi- 
cation, primary dormancy may not be broken. Consequently, a secondary 
dormancy may be induced which is more difficult to break than the origi- 
nal dormancy. If one must err, do it on the long side. 

The cold stratification period necessary to break dormancy may last 
from a few days to several months, depending upon the species, with one 
to three months being the most common. After stratification, the seeds 
should be sown promptly before they have a chance to dry out. 


Warm Stratification 


The exposure of seeds to moist, warm conditions at room temperature 
(65?F) or above is called warm stratification. Sometimes this treatment is 
necessary for seeds with internal dormancy to facilitate after-ripening of the 
embryos, in which case it is followed by cold stratification. Occasionally 
it is used in lieu of the acid treatment for seed coat dormancy. It also may 
be an intermediate stage in a multiple dormancy treatment. 

For warm stratification the seeds should be mixed with moist peat moss 
or moist vermiculite and sealed in a polyethylene bag or a glass jar. Possible 
places for warm stratification include desk tops, kitchen cupboards, the top 
of a refrigerator, or perhaps near the furnace—anywhere that stays warm 
night and day for the prescribed period of time. 


Photochemical Dormancy 


Seeds of some species are light-sensitive and must receive light during 
S&rmination, The intensity and duration of the light, as received by seed 
cone ceptors, interact with the available moisture and [acu RON 
hij, ¿mination. When light and temperature are each partially in- 

Itoty, the effect can by synergistic. The first 36 to 72 hours of germina- 
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3. Seed Propagation 


Time to Sow Seeds 


At the Santa Barbara Botanic Garden most seeds are sown in small con 
tainers in the lath house. When stratification is necessary, it is done pri: 
or to the sowing date. Seeds of annuals are sown in late October, herba 
ceous perennials by July 15, and shrubs and trees by the middle of March, 
There are several exceptions to the above: seeds of live-forever (Dudleya), 
buckwheat (Eriogonum), and alum-root (Heuchera) are sown by July 1; 
bush monkeyflower (Diplacus) species are sown in carly July with her- 
baceous perennials; seeds of sea-dahlia (Leptosyne maritima) are sown by 
September 1 for late fall, winter, and early spring flowers; lupine (Lupinus) 
species seeds, including both bush and herbaccous perennial types, arc 
sown by October 10 for planting out from thrce-inch pots in late fall for 
spring flowers; and seeds of Iris, manzanita (Arctostaphylos), and bush 
poppy [Dendromecon) are sown by October 15. Seeds of desert shrubs and 
cacti are sown by July 1 in the glasshouse with a minimum temperature of 
60°-65°F; our outdoor night temperatures are too low at this time of year 
for satisfactory germination. With the above schedule, germination and 
growing temperatures are favorable; and the timing, in most Cases, will 
produce plants of sufficient size to be ready for late fall planting, when the 
winter rainy period usually commences. 


Germination Media 


There are many suitable media for germinating seeds, and the majority 
of the California native species have no unusual requirements. A satisfac- 
tory general purpose seedbed medium is composed of equal parts of garden 

oam, builders sand or river sand (not beach sand as it contains too many 
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Even in a sterilized mix its use is beneficial. These microbes have an effect - 
on the soil analogous to the immune system in animals, the beneficial mi. — 
croorganisms, if added in quantity, tend to isolate and neutralize the patho. 
gens. At the Santa Barbara Botanic Garden, in containers smaller than ` 
one-gallon, we use a soil-less medium with a microbial inoculant available ~ 
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seed Sowing 


Good seed germination depends largely on proper preparation of the seed- 
bed, depth to which seeds are covered, maintenance of uniform moisture 
and appropriate temperatures, and, of course, viable seeds, To prepare the 
scedbed, a container with drainage holes is filled to slightly overflowing 
with a well-mixed moist medium, The medium is then leveled to the top 
of the container or about 4-inch below the lip, firmed lightly and uniform- 
ly with a flat-surfaced board or large-surfaced object, and watered thor- 
oughly. After watering, the surface of the medium should still be level. 

The seeds should be sown in rows about 1% inches apart or broadcast 
evenly on the surface. The sown seeds should then be covered, Milled 
sphagnum moss (sphagnum moss put through a 14-inch mesh sicve) is very 
good for this purpose as its slight acidity helps to discourage damping- 
off. Washed sand or seedbed mix may also be used as a secd cover. After 
the seeds have been sown and covercd, the container should be lightly 
sprinkled again with a fine spray of water and placed in a sheltered location 
out of direct sunlight. A beneficial microbial inoculant can be used for 
these waterings and also for the initial moistening. The depth of sowing 
or thickness of the seed covering is especially important as seeds sown too 
deeply will not produce seedlings. Such seeds may start to germinate, but 
the developing shoots will die before reaching the light at the surface of the 
seedbed. A general rule is to cover a secd to a depth equal to one to two 
times its smallest diameter. Very fine seeds, such as those of alum-root 
(Heuchera), bush-anemone (Carpenteria), or monkeyflower (Erythranthe 
and Diplacus), should be covered just slightly with milled sphagnum moss 
or watered-in without a covering. It is desirable to label each seeded con- 
tainer with the name of the species and the date sown. For protection 
against rodents, snails, birds, and drying out, the container should then 
be enclosed in a polyethylene bag or covered with a piece of polyethylene 
film, with a single sheet of newspaper on top to prevent heat build-up. 
During the germination period, the surface of the medium must be kept 
moist. As the seeds start to germinate, the newspaper and plastic should 
be removed; better results may be obtained by leaving very small seedlings 
completely enclosed in plastic until germination is complete. However, 
the plastic should not touch the sced leaves. If the weather is unusually 
hot and dry, it is best to acclimatize very small seedlings gradually by pok- 
ing a few holes in the plastic each day or two and then removing the plastic 
entirely. A glass cover can be used instead of plastic. Germination for 
most species takes one to four weeks. 
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The young seedlings should be transplanted a second time when de 
roots begin to fill the soil mass in the container. Annuals should be moved 
directly into the open ground at this time. Herbaceous perennial Seedlings 
may be planted out also, but receive less setback and have a better chance 
xÇ d are transplanted to four-inch pots first and later moved to the open 
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Regardless of how the tap-rooted species arc handled, it is imperative to 
transplant their scedlings before the roots circle the container, partici 
at the liner state (3" pot). Generally speaking, pot-bound trees and s 
become culls instead of beautiful mature specimen plants. 

Although the same medium used for the seed flats and liners can be used 
for one-gallon or larger containers, a coarser mix is also satisfactory. A 
light, well-drained, pasteurized, or microbial-inoculated mix of sandy loam 
and peat moss or wood shavings serves quite well. If the soil is too coarse, 
it should be sifted through a 12-inch mesh screen. 

Care should be taken not to overwater newly potted or canned plants. In 
regions away from the immediate coast, some protection from full sum- 
mer sun is needed for container plants. This protection can be critical 
during occasional heat waves when root systems of container-grown plants 
can become overheated, killing the plants. Thirty percent shade saran is 
adequate. 

Most native plants respond well to light applications of commercial fer- 
tilizer and will require some fertilization while in containers. 


Field Sowing of Annual Wildflowers 


Although seeds of California wildflowers can be started in flats like 
those for bedding plants, better results are usually obtained by sowing 
them directly on the open ground, or with very small-seeded types, sev- 
eral seeds to a three-inch peat or paper pot. The seedlings, when large 
enough, can be thinned and later planted out in the garden with practically 
no root disturbance. For field sowing, the moistened soil should be culti- 
vated and leveled, the seeds broadcast, and the area kept moist throughout 
the germination period. In the case of large-seeded species such as sea- 
dahlia (Leptosyne maritima) and some lupines (Lupinus), the seeds should 
be raked in lightly after sowing and before watering. If a mixture of large 
and small seeds is used, the large seeds should be separated out, sown and 
lightly raked in, and then the small seeds broadcast on top. Following 
SE Ee the seeds can be sown as late as early December with good 
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4. Recommended Seed Treatments 
for Some Native California Plants 


The table that follows these comments is a compilation of the original 
publication published in 1964 plus information from records of subsequent 
propagation at the Santa Barbara Botanic Garden and also additional data 
from other sources (see "Literature Cited"). 

It should be emphasized that the suggested sced treatments are not nec- 
essarily the only ones that will prove satisfactory. For problem species 
(those whose seeds are difficult to germinate}, there may be more than one 
treatment listed. 

For example, if you refer to Ceanothus cuneatus (buck brush) in the 
table, two treatments are listed. "Hot water and three months stratifica- 
tion" results in significantly better germination than the chemical treat- 
ment but leaves the seeds in an unusable condition if they are to be sown 
with mechanical equipment. After stratification, the seeds are rather soft 
and moist, some radicals may be showing, and the seeds should not be 
dried out before sowing. With the chemical treatment, no germination 
will have started; the seeds can be dried out before sowing, need not be 
sown immediately, and can be sown with mechanical equipment. The 
chemical treatment also has the advantage of being quicker, even though a 
lower percentage of germination usually results. 

Stratification, as used in these recommendations, refers to cold stratifi- 
cation unless stated otherwise; diurnal fluctuation refers to temperature. 
Scarification, if practical, can be substituted for the hot water treatment. 

The seeds of the majority of the native species germinate promptly with- 
out pretreatment. Since this is true of most annuals, only those annuals 
known to require special treatment and for which a satisfactory treatment 
is known are included in this table. Dormancy is highly variable, some- 
times even in seeds from the same plant harvested in the same year, hence 
an entry like that for incense cedar (Calocedrus decurrens)—“two months 
stratification; no treatment may give good germination." For more infor- 
mation on the variability aspect of seed dormancy, sce Gutterman (1980- 
1981). Some seeds germinate without pretreatment if they are sown when 
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INDEX OF COMMON NAMES 


This index is limited to common names of plants. For references to generic 
plant names in the introductory text, see the short index above. The table of 
Recommended Seed Treatments is arranged alphabetically by scientific name. 
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Bentgrass, 24 
Rigberry Manzanita, 28 
Bigcone-spruce, 93 
Biglcaf Maple, 21 
Biepod Ceanothus, 42 
Rig Tree, 102 
Bilberry, 113 
Birch, 33 
Biscuitroot, 73 
Bishop Pine, 88 
Bishops Cap, 83 
Bishop's Lotus, 23 
Bitterbrush, 94 
Bitter Cherry, 92 
Bladdernut, 107 
Bladderpod, 85 
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Bleeding Heart, 51 
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Blue Brush, 43 
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Bristlecone Fir, 20 
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Checker Bloom, 103 
Cheese Bush, 25 
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Chia Sage, 99 

Chilicothe, 77 


Chinch Weed, 83 
Chinquapin, 2, 46 | 
Chocolate-lily, 62 | 
Choke-cherry, 93 l y% 
Cholla, 49 | y. 
Christmas Berry, 66 
Chuchupate, 73 
Chuckwalla's Delight, 39 
Chuparosa, 70 
Cinquefoil, 49, 53, 68,9] 
Clarkia, 16 
Clematis, 46 
Cleveland Sage, 99 
Cliff-aster, 77 
Cliff-rose, 94 
Climbing-milkweed, 63 
Climbing Penstemon, 70 
Clintonia, 47 
Cluster Rose, 97 
Coast Ceanothus, 40 
Coast Range Melic, 78 
Coast Whitethorn, 41 
Coffeeberry, 61, 62, 94 
Colubrina, 47 
Columbine, 27 
Common Monkeyflower, 
59 
Common Muilla, 80 
Common Soap Plant, 46 
Cone-flower, 98 
Copperleaf, 21 
Coreopsis, 71 
Cottonwood, 91 
Coulter Pine, 87 
Cow Parsnip, 65 
Coyote Brush, 31 
Coyote Ceanothus, 41 
Coyote Mint, 80 
Coyote-thistle, 59 
Crab-apple, 85 
Cranesbill, 64 
Cream Bush, 67 
Cream-cups, 89 
Cream-flowered Eardrops, 
54 
Creeping Barberry, 32 
Creeping Mahonia, 32 
Creeping Sage, 99 
Creosote Bush, 70 
Cropleaf Ceanothus, 41 
Crossosoma, 48 
Croton, 48 
Crucifixion Thorn, 39 
Crucillo, 115 
Cudweed aster, 47 
Cupleaf Ceanothus, 42 
Currant, 96, 97 
Cypress, 66 
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A mallow, 104 
Deser-marigold, 31 
Desert Olive, 6l 
Desert Peach, 92 
Desert Sunflower, 32, 64 
Desert Sweet, 45 
Desert Thorn, 75 
Desert Trumpet, 58 
Desert-willow, 46 
Dodder, 49 
Dogwood, 48 
Double Honeysuckle, 73 
Douglas-fir, 93 
Dropseed, 106, 107 
Dudleya, 11, 53 
Dune Buckwheat, 58 
Dune Malacothrix, 77 
Dune Tansy, 110 
E. ps Root, 49 
atchman's Pi e, 29 
Dwarf nus 32 
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Fastwood Manzanita, 28 

iderberry, Wm 
Elephant Tree, 35 

E «Clover, 27 

dE Sonn Spruce, 87 
Piia 55 

e oppimia 81, 82 
vergreen Currant, 9 
Everlasting, 26, 93 
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Fairybells, 91 
Fairy Duster 36 
Fairy Lantern, > 
False Indigo, 
False-lupine 110 


false Solomon š Seal, 7 


Fir, 93 
Firecracker Flower, 52 
Fireweed, 45 
Fish-hook Cactus, 77 
Five-spot, 81 
Flannel Bush, 62 
Flax, 72 
Forget-me-not, 49 
Fort Tejon Milk-aster, 107 
Four-needled Pinyon, 88 
Four-o’oclock, 79 
Foxtail, 25, 102 
Foxtail Pine, 87 
Fragrant Sage, 99 
Frasera, 62 
Fremont Dalea, 93 
Fremontia, 62 
Fresno Mat, 41 
Fringe-cups, 110 
Fritillary, 62, 63 
Fuchsia-flowered 
Gooseberry, 97 
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Galleta, 67 
Gentian, 63 
Geranium, 64 
Giant Cactus, 39 
Giant-cedar, 111 
Giant Fir, 20 
Giant Purple 
Monkeyflower, 59 
Giant Sequoia, 102 
Gilia, 64, 68, 71 
Globe Lily, 36 
Goatnut, 103 
Golden-aster, 66 
Golden Currant, 
Golden Eardrops, 54 
Golden Eggs, 110 
Golden-eyed Grass, 
Golden Lantern, 37 
Goldenrod, 60, 104 
Golden Stars, 33, 112 
Golden Yarrow, 5, 58, 59 
Goldflower, 68, 110 
Gooseberry, 1, 96, 97 
Grama, 34 
Grape, 114 
Grass-nut, 112 
Gray Pine, 89 
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Grease-bush, 64 
Greasewood, 23 
Greenbark Ceanothus, 43 
Green-gentian, 62 
Greenleaf Manzanita, 28 
Green-molly, 70 
Groundsel, 102 

Gum Plant, 64 


H 


Hackberry, 44 
Hairgrass, 51 
Hairy Ceanothus, 42 
Harebell, 30, 31 
Harlequin Lupine, 75 
Hawkweed, 67 
Hawthorn, 48 
Hazelnut, 2, 48 
Hearst's Ceanothus, 41 
Heartleaf-primrose, 46 
Helianthella, 65 
Hemlock, 112 
Hesperochiron, 65 
Heuchera, 66 
Hillside Gooseberry, 96 
Hoaryleaf Ceanothus, 40 
Hoffmann's Bitter 
Gooseberry, 96 
Hole-in-the-sand Plant, 81 
Hollyleaf Ceanothus, 43 
Hollyleaf Cherry, 92 
Hollyleaf Mahonia, 32 
Hollyleaf Redberry, 95 
Honey Dew, 68 
Honey Mesquite, 91 
Honeysuckle, 73 
Hop-sage, 64 
Horkelia, 68 
Horse-chestnut, 23 
Hound’s Tongue, 49 
Huckleberry, 113 
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Hummingbird Sage, 99 
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Indian-mallow, 20 
Indian Paintbrush, 
Indian Pink, 103 
Indian Rhubarb, 49 
Indian Ricegrass, (D 
Indigo Bush, 93 

Iris, 11, 68, 69 
Ironwood, 75, 82 
Island Black Sage, 98 
Island Bush Mallow, 77 
Island Ceanothus, 40 
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UA EH Mi Ceanothus, 42, Pea, 70, 71, 87 
— Muhly, 80 Pearly Everlasting, 26 


Penstemon, 70, 83, 84 
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n um 89 
paint Reves Ceanothus, 
41 
rojemonium, 90 
ponderosa Pine, 88 
Paxle-dog Bush, 6, 56 
Poplar, 1, 91 
Poppy, 1,11, 15, 29, 50, 
51, 60, 97 
Porcupine Grass, 108 
Poreleaf, 91 
Port-Ortord-cedar, AN 
Pretty Face, 112 
Pnckly-phlox, 72 
Pnckly Poppy, 29 
Pnde of California, 70 
Primrose, 38, 46, 91 
i d Monkeyflower, 
Y 
Prince's Plume, 107 
Purple Sage, 99 
Pussy Paws, 38 
Pussytoes, 26 


Q 


R 


Rabbitbrush, A6 
Rabbit Thorn, 75 
Rattle-weed, 30 
Rayless Daisy, 56 
Red Barberry, 33 
Redberry, 95 
Redbud, 44 
Red Fir, 20 
Red-flowered Buckwheat: 
57 
Red-flowering Cu 
Red-sage, 70 
ks, 
Red Sha Ccanothus, 4? 


rrant, 96 


Redwood Sorrel, 82 
Reed-grass, 36 
Rhododendron, 95 
Ribbonwood, 23 
Rock-cress, 27, « 4 
Rock-lettuce, 53 
Rock-nettle, 60 
Rock-rose, 48 
Rocky Mountain Maple, 

21 
Romanzoffia, 97 
Romero, 111 
Rose, 94, 97 
Rose-bay, 95 
Rose-mallow, 67 
Rose Sage, 99 
Rosilla, 65 
Rudbeckia, 98 
Rush, 69 
Rush-rose, 48 
Rye, 54 


S 


Sacapellote, 23 
Sacaton, 105, 107 
Saffron Buckwheat, 57 
Sage, 29, 70, 71, 98, 99 
Sagebrush, 29 
Sagewort, 29 
Saguaro, 39 
Saint Catherine's Lace, 57 
Saint's Daisy, 56 
Salal, 63 
Salmonberry, 98 
Saltbush, 31 
Sand Almond, 92 
Sand-corn, 111 
Sandhill-sage, 29 
San Diego Lilac, 40 
San Diego Monardella, 80 
San Diego Monkeyflowet, 
52 
San Diego Sunflower, 31 
Sand-lettuce, 53 
Sandmat, 39, 60 
Sand-spurrey, 04 
Sand-verbena, 
Santa Barbara Ceanothus, 
41 
Santa Barbara 
Honeysuckle, 73 
Santa Cruz island 
Buckwheat, 57 
Santa Cruz Island 
Gooseberry, 97 
Santa Cruz Island 
Ironwood, 75 
Santa Cruz Island Pine, 88 
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Santa Lucia Fir, 20 
Satintail, 68 
Satureja, 47 
Scale Broom, 71 
Scarlet Bugler, 83 
Scarlet Gilia, 68 
Scarlet Lobelia, 73 
Scarlet Monkeyflower, 59 
Schoenolirion, 64 
Schott Dalea, 93 
Scratchgrass, 80 
Screw-bean Mesquite, 92 
Seacliff Buckwheat, 5% 
Sea-dahlia, 11, 15, 71 
Seaside Daisy, 56 
Sea Thrift, 29 
Sedge, 39 
Selfheal, 92 
Senna, 102 
Sequoia, 102 
Service-berry, 25, 26 
Shasta Fir, 20 
Sheep-fat, 31 
Shinyleaf Barberry, 33 
Shooting Stars, 91 
Sierra Coffeeberry, 62 
Sierra Columbine, 27 
Sierra Currant, 96 
Sierra Gooseberry, 96 
Sierra Plum, 93 
Silk-tassel, 63 
Silver Eardrops, 54 
Silver Lotus, 22 
Silver Pine, 88 
Silverweed, 91 
Sitka Spruce, 87 
Skullcap, 101 
Skunk Bush, 96 
Skunk-cabbage, 76 
Sky Lupine, 74 
Sky Rocket Gilia, 68 
Small-flowered Lotus, 
Small-flowered Zygadene, 
111 
Small-primrose, 38 
Smartweed, 85 
Smoke Tree, 93 
Snake Lily, 52 
Snakeweed, 64 
Snapdragon, 5, a7, 63 
Sneezeweed, 65 
Snowbetty, 109, 110 


Snow Bush, 40 
Snowdrop push, 2, 109 
Soap Plant, 46 
Soaproot, 46 
Solumon's Seal, 77, 104 
Southern Honeysuc kle, 
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73 
Spanish Bayonct, 66 
Spanish-clover, 22 
Spice Bush, 37 
Spikenard, 27 
Spiraca, 104, 105 
Spring Sandwort, 55 
Spruce, 87, 93 
Squirreltail, 54 
Star Flower, 76 
Star Solomon's Seal, 77 
Star Swertia, 109 
Star-tulip, 37 
Sticky Monkeyflower, 52 
Stinging Lupine, 74 
Stink Bells, 62 
Stink Currant, 96 
Stonecrop, 101, 102 
Strawberry, 61 
Subalpine Buckwheat, 58 
Succulent Lupine, 75 
Sugar Bush, 14, 96 
Sugar Pine, 88 
Sulphur-flowered 
Buckwheat, 58 
Sumac, 3, 95 
Summer-holly, 47 
Sun-cup, 110 
Sunflower, 31, 32, 55, 64, 
65, 113 
Sweetbush, 32 
Sweet Cicely, 82 
Sweet Pea, 71 
Sycamore, 89 


T 


Tamarack Pine, 87 
Tanbark Oak, 81 
Tansy, 110 
Tarweed, 50 
Thimbleberry, 98 
Three-awn, 29 
Three-square, 100 
Thrift, 29 
Ticklegrass, 24 
Tidy Tips, 16 
Tobacco Brush, 44 
Toloache, 49 
Tomatilla, 75 
Tornillo, 92 
Torrey Pine, 89 
Toyon, 66 
Trailing Ceanothus, 41 
Trail-plant, 23 
Trillium, 112 
Trisetum, 112 
Triteleia, 112 
Trixis, 112 


e i 


Truncate Lupine, 75 
Tule, 101 , 
Twinfrult, 7 


Umbrella Plant, 49 


Utah Bugler, °: 


V 


Valerian, 
Van Houtte 


113 f 
's Columbine, 


27 
vanilla Grass, 27 
Varnishleaf Ceano 
Vervain, 113 
Vetch, 113 
vine Maple, 21 
Violet, 114 
Virgin's-bower, 46 


thus, 44 


W 
Wake Robin, 112 
Wallflower, 59 
Walnut, 69 
Wartystem Ceanothus, 44 
Waterleaf, 68 
Water Pimpernel, 100 
Water-plantain, 24 
Water Smartweed, 85 
Water Wally, 31 
Wavyleaf Ceanothus, 41 
Wax Currant, 96 
Wax-myrtle, 80 
Weeping Spruce, 87 
Westen Yellow Pine, 88 
Western Choke-cherry, 93 
Western Columbine, 27 
Western Hemlock, 112 
Western Redbud, 44 
Western Solomon's Seal, 
104 
Western White Pine, 88 
Western Yew, 110 
EOS 54 
w ispering Bells, 5 
Whitebark Pine, 87 Kies 
White Burrobush 25 
White Fir 20  ' 
White Sage, 98 
White Triteleia, 112 
Wild Almond, 92 
Wild Cucumber, 77 


WE Yacinth, 51 
Wild Rhubarb, 98 
Wild Rose, 97 


Willow, 1, 46, 98 


Willow-herb, 55 
Wingscale, 30 

Winter Fat, 70 

Wishbone Bush, 79 

Wood Mint, 107 

Wood Rose, 97 

Woolly Blue-curls, 11 i 
Woolly Daisy, 58, 59 
Woollyleaf Ceanothus, 43 
Woolly Lotus, 22, 
Woolly Nama, 56 
Wright's Buckwheat, 58 


Y 

Yarrow, 5, 22, 58, 59 
Yerba Buena, 47 
Yerba de Selva, 114 
Yerba Mansa, 26 
Yerba Santa, 6, 56, 57 
Yew, 110 

Yucca, 66, 115 


Z 
Zygadene, 111 


